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ABSTRACT 

A general  description  of  the  Flight  Safety 
Prediction  Technique,  and  the  documentation 
associated  with  Its  specific  application  to  the  0-2A 
and  0-2B  aircraft,  are  presented. 
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GLOSSARY 


This  glossary  presents  general  definitions  of  terms  ust'fl  in  this  report.  The 
reader  will  find  certain  of  these  terms  defined  in  somewhat  different  words  in  the 
text,  depending  on  the  context  of  the  discussion;  liut  the  meaning  will  be  consistent 
with  the  definitions  given  here. 


Criticality 


Dependency 

FSPT 

Flight  Phases 


Functional  Analysis 


A numerical  index  of  the  significance  of  equipment  failure 
history  relative  to  aircraft  safety.  As  an  analysis  param- 
eter, it  c.an  be  considered  proportional  to  the  lik«>lihood  that 
an  item  will  fall  and  thereby  cause  an  accident.  It  is  the 
product  of  the  failure  probability  and  the  sensitivity  of  an 
equipment  item. 

See  link  dependency. 

Flight  Safety  Prediction  Technique 

Discrete  segments  of  the  aircraft  mission  proFilo.  For 
present  purposes,  the  flight  phases  are  defined  as  1)  startup 
and  taxi,  2)  takeoff,  3)  climb,  4)  cruise,  5)  tactics, 
fi)  cruise,  7)  descend,  8)  land,  and  9)  taxi  and  shutdown. 

The  determination  of  equipment  relationships  to  aircraft 
functions  performed,  and  the  interrelationships  of  these 
functions. 


Functional  Link  - The  simplest  form  of  functional  relationship  In  which  one 

function  Is  dependent  upon  the  next  lower  fimction. 

Functional  Path  — The  compilation  of  functional  links,  in  sequence,  through 

which  a function  is  identified  as  being  dependent  upon  another. 


Link  Dependency  - The  conditional  probability  of  a dependent  function  failing, 

given  that  a particular  function  it  is  dependent  upon  has  failed. 


Provisory  Condition  — Operation  of  an  aircraft  in  a mode  or  environment  such  that 

the  safety-related  importance  of  certain  equipments  is 
increased.  Provisory  conditions  include  icing,  night  flight, 
supersonic  flight,  etc. 

Provisory  Factor  — The  probability  that  a provisory  condition  exists.  Also  used 

to  describe  the  coded  notation  used  to  indicate  that  a functional 
relationship  is  dependent  on  a particular  provisory  condition. 


Safety  Sensitivity  - Same  as  "sensitivity". 


V 


Sonaltlvlty 


~ A quantitative  Indication  of  the  (l(*Krec  of  Hafoty  cloKrudution 
to  bo  expected  if  a function  or  pitHsc  of  o<|uipment  failH.  The 
more  specific  terms  arc  "functional  sensitivity"  or  "equip- 
ment item  sensitivity". 

SeoalUvttv  Path  — A particular  sequence  of  functional  dependencies  (hofflnnlnf' 

at  the  top  level  in  the  hierarchical  structure)  through  which 
a function  or  piece  of  equipment  derives  a sensitivity  value. 
Equipment  and  functional  sensitivity  values  are  often 
derived  through  several  such  sensitivity  paths. 


FOREWORD 


This  document  Is  part  of  a Ifi-volume  report  descrlbinR  the  application  to 
specific  aircraft  types  of  ARINC  Research  Corporation's  Flipht  Safety  Prediction 
Technique  (FSPT).  The  technique  was  developed  under  previous  Air  Force  contracts 
(see  Appendix  A).  The  present  effort,  undertaken  in  1972  under  Contract  F09603- 72- 


A-1132-SA01,  has  led  to  further  refinement  of  the  FSPT  through  its  broad  application 
to  many  different  types  of  aircraft.  The  flight  safety  models  generated  for  these  air- 
craft are  presented  in  individual  volumes  of  this  report  as  follows: 

Volume 

Aircraft 

Volume 

Aircraft 

2 

T-38 

10 

B-52G,  11 

3 

F-lllA,  FB-lllA 

11 

C-130E 

4 

A-7D 

12 

KC-135 

5 

F-4D,  E;  and  RF-4C 

13 

C-5A 

6 

C-141 

14 

T-39 

7 

A-37 

15 

F-15 

8 

0-2 

16 

UH-IN  Helicopter 

9 

OV-10 

Volume  16  will  document  the  results  of  a feasibility  study  of  extending  the  FSPT 
to  rotary-wing  aircraft. 

Volume  1,  an  overall  summary  of  the  contractual  effort,  will  be  Issued  at  the 
end  of  the  contract  period. 
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INTRODUCTION 


The  Flight  Safety  Prediction  Technique  developed  by  AltINC  Hescarch 
Corporation  provides  for  assessment  of  the  impact  on  flight  safety  of  the  failure  of 
specific  items  of  equipment  within  an  aircraft.  In  the  FSPT,  mathematical  modeling 
procedures  are  applied  for  processing  aireraft-cKpiipment  failure  data  to  yield  a 
quantified  index  ranking  safety-related  problems  on  the  basis  of  their  likelihood  of 
occurrence  and  the  resulting  degradation  in  the  aircraft's  capability  to  fly. 

The  ranking  factor  is  called  "criticality",  which  in  its  simplest  form  is  the 
product  of  the  failure  probability  and  flight-safety  sensitivity  of  an  equipment.  (A 
more  detailed  definition  appears  in  Section  2 and  Appendix  H.)  The  failure  probability 
inputs  are  from  basic  failure-data  sources,  AFM  and  05-110,  The  sensitivity 
estimates  are  derived  by  the  following  process: 

a.  Systematic  analysis  of  aircraft  functions  to  determine  those  essential 
to  flight  safety 

b.  Identification  of  the  hardware  required  to  perform  these  functions 

c.  Evaluation  of  the  safety  significance  of  the  hardware  in  performing 
these  essential  aircraft  functions. 

The  criticality  values  resulting  from  this  approach  provide  a relative  ranking  of 
all  malfunctions  with  respect  to  their  safety  significance.  Figure  1-1  is  a simplified 
example  of  how  three  equipment  items  would  be  ranked  on  the  combined  basis  of  their 
failure  probability  and  safety  sensitivity.  This  figure  illustrates  an  example  in  which 
item  A has  the  highest  failure  probability,  but  due  to  the  low  sensitivity  value  Is 
ranked  below  item  B in  criticality. 

The  methodology'  has  the  ability  to  rank  malfunction  problems  currentlv  and 
continuously  by  their  accident  potential.  This  ranking,  based  on  criticality  assess- 
ment, can  provide  the  basic  parameters  necessary  for: 

a.  Identifying  equipment  items  whose  failure  history  and  application  pose 
a threat  to  aircraft  safety 

b.  Quantifying  the  degree  of  threat  associated  with  each  equipment  item 

c.  Evaluating  and  tracking  the  effectiveness  of  modifications  to  the  aircraft 

d.  Assessing  safety  benefits  versus  the  cost  of  proposed  aircraft  modifica- 
tions, changes  in  maintenance  or  flight  operations,  or  alternative  aircraft 
designs. 
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Failure 

Probability 


Sensitivity 


Criticality 

Rank 


CRITICALITY  • P x S 


Where  P * Probability  of  failure 

S * SafMy  sensitivity;  the  accident  exposure 
associated  with  each  failure  occurrence 


Figure  1-1.  Kxample  of  Criticality  Hanking  Process 

In  this  report.  Section  1 and  Appendix  H pertain  specifically  to  the  0-2  aircraft. 
The  remainder  of  the  document  provides  support  information  that  will  make  the  0-2 
data,  'ind  the  method  by  which  the  data  were  obtained,  more  meaningful  to  the  general 
reader. 

Section  2 presents  an  overview  of  the  development  and  utilization  of  the  Flight 
Safety  Prediction  Technique;  Section  .2  discusses  the  steps  associated  with  generating 
a safety  model  for  calculating  the  safety  criticality  of  various  equipments  of  an  air- 
craft; and  Section  4 describes  how  the  safety  model  for  the  0-2  aircraft  was  developed. 
Appendix  A summarizes  the  contractual  history  of  the  development  of  the  FSPT; 
Appendix  B discusses  mathematical  considerations  underlying  the  technique;  Appen- 
dix C discusses  FSPT  documentation  methods;  and  Appendix  D presents  functional 
relationship  diagrams  and  a listing  of  keyqjunch  cards  that  comprise  the  safety 
model  documentation  for  the  0-2  aircraft. 


2 

METHODOLOGY  UNDERLYING  FSPT 

This  section  discusses  the  basic  definitions  and  mathematical  concepts 
associated  with  the  Flight  Safety  I’rcfllctlon  Technique. 

2. 1 DEFINITION  OF  SAFE  AmCHAFT 

To  develop  a relative  measure  of  aircraft  safety  degradation  resultinn  from 
specific  equipment  malfunctions,  it  is  first  necessary  to  define  a "safe"  aircraft.  For 
purposes  of  the  FSPT  assessments,  an  aircraft  is  assumed  to  be  in  a safe  condition  if 
It  la  operating  within  Its  prescribed  performance  limits.  Conversely,  an  aircraft 
operating  (or  about  to  operate)  outside  these  limits  is  consld(*red  to  be  unsafe  — in  a 
condition  where  property  damage  and  personal  Injury  may  result. 

The  safety  prediction  methodology  does  not  attempt  to  assess  the  extent  of 
possible  personal  Injury  or  aircraft  damage  resulting  from  an  unsafe  condition. 

Neither  does  the  concept  consider  ejection  capability,  parachutes,  life  rafts,  etc., 
which  do  not  make  an  aircraft  safer  per  se  but  provide  for  the  survivability  of  the  air- 
crew when  the  aircraft  Is  unsafe.  Collision  is  also  excluded  from  consideration 
because  of  the  complexity  of  the  Interrelationships  between  pilot,  aircraft  tHpilpment, 
ground  surveillance,  and  traffic  density. 

2.2  MATHEMATICAL  BASIS  OK  FSPT 

The  probability  of  an  accident  caused  by  the  failure  of  an  element  can  be 
expressed  as  the  probability  of  the  element  failing  multiplltxl  by  the  conditional  prol>- 
ability  that  the  failure  of  the  element  will  cause  an  accident.  Stated  in  equation  form: 


t- 

*«• 

1 


P(  /f.j)  = 41.1)  (1) 

where 

P(.>f  tJ)  = Probability  of  an  accident  due  to  failure  of  just  the  j^l’  element* 

P(j)  = Probability  that  element  j falls 

V(  A |J)  = Probability  of  an  accident  given  that  the  j*’*'  element  fails. 

This  equation  reflects  the  basic  relationships  addressed  In  the  FSPT  where: 

a.  The  criticality  of  the  jt*'  element  Is  an  estimate  of  P(  4,j) 

b.  The  sensitivity  of  the  j^h  element  Is  an  estimate  of  P(  /jj  j) 

*In  this  and  subsequent  discussions,  unless  otherwise  stated,  expressions  such  as 
"failure  of  the  element"  should  be  Interj^reted  to  mean:  failure  of  only  the  jth 
element,  assuming  all  other  elements  are  not  failed. 
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Because  an  element's  effect  on  safety  may  depend  on  the  mission  phase  (see 
Section  3.2.1),  the  above  model  can  be  expanded  to; 


N 

I’(  f.j)  = Z ‘'i  k (2) 

1^1 


where 


N 

'’i.k 

P(<|J.k) 


Number  of  mission  phases 

Probability  that  the  element  is  failed  in  the  phase 
The  element's  sensitivity  in  the  phase. 


To  identify  the  importance  of  discrete  elements  to  aircraft  safety,  a flight 
profile  consisting  of  nine  distinct  phases  was  defined.  The  phases  arc  discussed  in 
Section  3. 2. 1. 


To  utilize  equation  2,  it  was  necessary  to  develop  a method  for  obtaining  the 
values  of  P(^  I j,k),  the  probability  that  a malfunction  in  element  j during  mission 
phase  k will  result  in  an  accident.  This  method  in  turn  requires  the  estimation  of  two 
parameters:  the  probability  of  accident  if  a major  function  is  not  available  during 
each  mission  phase,  and  the  dependence  of  the  major  function  on  subfunctions  and 
elements  during  each  such  phase*.  Each  function  and  equipment  item  thus  derives 
its  sensitivity  value  from  its  relationship  to  the  major  function(s)  dependent  upon  it. 

2 . 3 SENSITIVITY  ASSIGNM ENTS 

A great  deal  of  Information  is  available  on  the  causes  of  aircraft  accidents,  but 
little  exists  from  which  to  make  the  sensitivity  assignments  lP(/f|  j)].  These  assign- 
ments are  therefore  largely  subjective,  based  on  the  analyst's  knowledge  of  the  system 
and  any  information  he  may  have  on  previous  accident  history.  The  sensitivity 
assigments  are  reviewed  (and  revised  as  necessary)  by  an  Air  Force/contractor  team 
working  on  a particular  model  to  ensure  that  consistent  criteria  have  been  followed. 
The  team  review  and  negotiation  of  sensitivity  assignments  is  the  mechanism  by  which 
the  value  becomes  sufficiently  objective  for  use  with  the  model.  This  negotiation  con- 
siders all  of  those  top  level  functions  as  a group  and  reassigns  sensitivity  values  as 
necessary  to  assure  that  the  most  objective  proportionality  is  attained  for  the  par- 
ticular aircraft  model.  The  same  major-function  sensitivity  values  are  used  for 
major  functions  on  all  aircraft  models  where  configuration  and  mission  profiles 
permit. 

The  development  of  criticality  rankings  for  the  various  elements  (j's)  is 
dependent  upon  the  ability  to  quantify  the  failure  probability  [P(j)]  and  the  element 
sensitivity  (P(>^|  j)]  for  each  clement.  Since  the  intent  of  the  concept  is  to  provide  a 
relative  safety  ranking  of  all  malfunctions,  it  is  not  necessary  to  develop  absolute 


♦For  a more  detailed  discussion  of  the  mathematics  of  the  FSPT,  sec  Appendix  B. 


values  for  P(,/f  |J).  If  the  sensitivity  values  developed  are  correct  relative  to  each 
other,  s proper  criticality  ranking  will  be  established.  It  is  intended  that  criticality 
be  an  index  proportional  to  P(  -<,J)  and  therefore  provide  the  same  relative  rank 
ordering  of  elements.  The  major  reasons  for  proportionality,  rather  than  equality, 
are: 

a.  The  FSPT  does  not  account  for  the  effect  of  extraordinary  pilot 
intervention  to  prevent  an  accident  in  case  of  equipment  malfunction. 

b.  Criticality  quantification  was  limited  in  Its  treatment  of  simultaneous 
occurrence  of  independent,  primary  failures. 

c.  Operational  and  malfimctlon  data  yield  only  a proportional  estimate  of 
the  required  information. 

While  strict  proportionality  cannot  be  mathematically  proven,  it  is  believed  that 
the  criticality  rankings  provide  reasonable  relative  measures  of  equipment  problem 
potential. 
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' Figure  3-1  summarizes  the  approach  to  the  assessment  of  flight-safety 

I ■ criticality  of  aircraft  equipment.  The  first  contractor  activity  is  the  identification  of 

all  functions  the  aircraft  is  expected  to  perform  and  the  determination  of  their  inter- 
j relationships.  Next,  each  functional  relationship  is  documented;  and  then  sensitivity 

( assignments  are  made  at  the  major  functional  levels  (below  these  levels,  link 

dependency  values  are  estimated;  see  discussion.  Section  3.2.2).  This  process  is 
carried  out  until  each  work  unit  code  associated  with  a major  function  has  been  identi- 
' fied  with  respect  to  the  function  performed  and  dependencies  have  been  estimated. 

‘ • Computer  processing  calculates  the  safety  sensitivity  for  each  work  unit  coded  item, 

combines  these  values  with  the  operation  and  failure  data  input  by  the  Air  Force,  and 
* produces  the  equipment  criticality  ranking. 


IL 


I 

I 

I 
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Figure  3-1.  Activities  and  Data  Inputs  to  Flight  Safety  Criticality  Assessment 

The  steps  in  this  process  are  discussed  in  greater  detail  in  the  following 
sections. 

3. 1 FUNCTIONAL  ANALYSIS 

Functional  analysis  entails  the  systematic  identiftcation  of  the  relationships  of 
hardware  to  the  functions  performed  by  the  aircraft  and  documented  in  the  aircraft 
technical  orders.  Tabulated  for  each  aircraft  function  are  the  equipments  necessary 
for  its  performance  as  well  as  all  outputs  required  for  other  systems.  The  complexity 
of  the  functional  interdependencies  of  an  aircraft  requires  the  use  of  a systematic 
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accounting  procedure,  as  discussed  below,  to  assure  that  all  relationships  have  been 
identified  and  that  no  functional  paths  have  been  overlooked. 

Certain  top-level  functions  (comprised  of  both  "primary"  and  "major"  functions) 
have  been  defined  as  applicable  to  all  aircraft  types,  and  serve  as  the  starting  point 
for  a safety  analysis.  Figure  3-2  lists  these  top  level  functions  with  the  primary  func- 
tion of  Flight  Control  expanded  to  show  its  typical  major  functions.  Below  the  major 
function  level,  differences  in  aircraft  types  result  in  function  identification  and  struc- 
turing specifically  suited  to  each  aircraft.  In  Figure  3-2,  for  instance,  the  major 
function  Roll  Control  is  subdivided  into  Left  Roll  and  Right  Roll,  and  further  into 
aileron  and  spoiler  actuation  subfunctions.  This  structure  is  that  applicable  to  an  F- 1 
aircraft,  in  which  ailerons  have  an  extremely  limited  upward  travel  and  lift  is  pri- 
marily lost  through  spoiler  operation.  Finally,  each  item  in  the  aircraft  WUC  ("-0G") 
manual  is  identified  with  respect  to  the  function  it  performs.  ♦ 

Every  function  and  every  WUC  included  in  the  model  receives  an  "alpha 
designator"  unique  to  that  aircraft  model.  Due  to  the  large  number  of  alpha  desig- 
nators required  in  a model,  an  indenturing  system  is  utilized  to  prevent  duplication. 
However,  the  location  in  the  hierarchical  structure  and  the  number  of  characters  in 
the  alpha  designators  are  often  independent,  since  such  correlation  is  not  necessary 
for  subsequent  computer  processing. 

The  functional  relationships  from  the  system  diagram,  and  identification  of  the 
equipment  necessary  for  each  function,  are  next  documented  in  an  80-column  punch- 
card  format  (see  Appendix  C).  The  total  functional  diagram  for  the  aircraft  is  then  a 
compilation  of  the  system  diagrams,  with  one  punchcard  for  each  functional  link. 

With  the  aircraft  functions  completely  documented,  the  functional  paths  by  which 
a piece  of  equipment  contributes  to  the  operation  of  the  aircraft  can  be  identified  by 
computer.  Performing  the  path-ldentiflcation/documentatlon  task  by  computer  proves 
to  be  not  only  useful  but  necessary  — the  human  analyst  could  neither  keep  track  of  nor 
assign  sensitivity  values  to  all  functional  paths.  The  machine  processing  capability 
allows  the  analyst  to  consider  only  one  functional  link  at  a time.  The  ability  to  follow 
all  of  the  functional  interrelationships  within  the  aircraft,  which  is  necessary  for 
meaningful  assessment  of  safety,  is  then  provided  by  the  computer. 


3.  2 MAJOR-FUNCTION  SENSITIVITY  ASSIGNMENT 


3. 2. 1 Assignment  Method 


As  stated  earlier,  the  sensitivity  of  a function  or  equipment  item  is  an  estimate 
of  the  probability  that  its  failure  will  cause  an  accident.  From  functional  analysis  of 
the  aircraft  under  consideration,  major  functions  are  Identified  and  are  assigned 
sensitivity  values  for  each  phase  of  the  mission. 


♦Certain  WUC  items  in  the  "-06"  manual  may  not  be  included  in  the  safety  model, 
these  items  being  either  1)  eliminated  by  TCTOs;  2)  purely  structural  items  in  the 
11000  series;  3)  necessary  only  for  survivability  or  ejection;  4)  of  lower  indenture 
than  the  LRU  level,  where  computer  data  screening  eliminates  failure  reports. 
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The  relative  importance  of  primary  functions,  major  functions,  and  functions  is 
not  necessarily  constant  throughout  a flight.  The  failure,  for  example,  of  one  engine 
of  a multi-engine  aircraft  is  far  more  critical  on  takeoff  than  it  is  during  the  rest  of 
the  fillet,  and  is  of  relatively  little  importance  during  startup  and  taxi.  To  accommo- 
date this  variability  of  importance,  the  mission  of  an  aircraft  is  divided  into  nine  flight 
phases: 

1.  Startup  and  taxi 

2.  Takeoff 

3.  Ascend  (climb-out) 

4.  Cruise,  outbound 

5.  Intercept  or  tactical  phase 

6.  Cruise,  inbound 

7.  Descend 

8.  Land 

9.  Taxi  and  shutdown 


These  phases  are  illustrated  in  Figure  3-3. 
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A sensitivity  value  is  assif^ied  for  each  of  the  phases,  and  represents  the  best 
estimate  of  the  likelihood  that  the  aircraft  will  enter  a hazardous  mode  if  the  function 
is  not  present  in  that  phase.  The  numerical  values  assiRncd  are  proportional  rather 
^ than  absolute,  and  range  from  0.0  to  1.0.  The  keypunch  card  format  limits  this 

assignment  to  Increments  of  0. 1.  Increments  smaller  than  0. 1,  when  required,  were 
assigned  by  defining  a quasi-function  for  insertion  between  the  major  function  and  its 
i dependent  primary  function. 

3.2.2  Link  Dependency  Assignment 

"Link  dependency"  is  defined  as  the  probability  that  the  loss  of  a function  will 
result  in  the  loss  of  a dependent  function.  (For  a more  detailed  discussion  of  this 
term,  see  Appendix  B.)  The  assignment  of  link  dependency  values  requires  knowledge 

* of  the  operation  of  specific  aircraft  because  it  is  concerned  only  with  functional  levels 
below  the  "major"  category.  At  this  lower  level,  no  evaluation  is  made  of  the  impact 
on  flight  safety  of  the  loss  of  functions.  Instead,  the  effect  of  the  loss  of  one  function 

, on  the  performance  of  another  function  becomes  the  evaluation  criterion.  Like 

sensitivities,  link  dependency  values  are  assigned  in  increments  of  0. 1.  Additionally, 
the  method  of  attenuation  used  in  assigning  sensitivity  values  can  also  be  applied  to 
I link  dependencies. 

i 

3.2.3  Provisory  Factors 

i . The  sensitivity  of  major  functions  with  respect  to  aircraft  safety,  and  at  the 

lower  levels  the  link  dependency  between  functions,  can  be  dependent  on  external 
influences  and  aircraft  operating  conditions.  To  accommodate  these  external  influ- 
ences, a set  of  provisory  factors  has  been  identified.  An  example  would  be  a wind- 
shield anti-ice  system,  which  has  a safety  sensitivity  close  to  1.0  during  landing 
under  icing  conditions  but  a negligible  effect  on  a dry,  warm  day. 

Under  such  circumstances,  the  procedure  is  to  assign  the  "worst  case"  value 
(assuming  the  condition  exists).  During  model  exercise  the  likelihood  that  the  condi- 
I tlon  exists  can  be  "read-ln",  thereby  allowing  the  sensitivity  value  to  be  assigned  by 

f the  computer  based  on  the  likelihood  of  the  condition  and  the  probability  that  the  higher 

level  function  will  therefore  be  lost.  Table  3-1  lists  the  standard  provisory  factors 
, used  in  FSPT  models. 

3.2.4  Computer  Processing 

Documentation  of  a flight  safety  analysis  by  ARINC  Research  thus  consists  of 
i , functional  diagrams,  coded  functional  tabulations,  a functional  data  processing  card 

deck,  and  a machine-prepared  printout  of  the  card  deck  data.  Under  this  contract, 

T the  documentation  is  then  sent  to  San  Antonio  Air  Logistics  Center  for  review  by 

j MMER  personnel  and  representatives  of  the  Air  Logistics  Center  responsible  for  the 

* particular  aircraft  (if  other  than  SA/ALC). 
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SA/ALC  processes  the  functional  data  card  deck  utilizing  a number  of  com- 
puterized operations.  First,  a functional  deck  edit  is  accomplished  to  Identify  certain 
format  or  logic  errors  that  may  exist.  Next,  a path  identification/documentation  run 
is  made  that  traces  all  possible  paths  associated  with  each  function  and  calculates  the 
numerical  sensitivities  by  flight  phase  down  to  the  WUC  level.  Then,  a path  combi- 
nation nm  is  made  taking  into  account  the  dependence  of  more  than  one  major  function 
on  a particular  WUC.  Finally,  failure  information  from  the  66-1  data  system  and 
numerical  factors  for  provisory  conditions  are  input  and  a WUC  criticality  list  by  rank 
order  is  generated  by  the  computer. 
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TABLE  3-1.  PROVISORY  FACTOR  CODES 

. J 

Provisory  Condition 
Icing  conditions 

Adverse  speed/altitude  operations 

Runway  stopping  distance/confined  area  (Helicopter) 

Night  operation 

IFR  conditions 

Supersonic  flight 

Rain 

Solo  flight 

Loss  of  function  for  which  indication  is  provided 

Normal  system  failed 

Flame-out 

Fire 

Cold  weather 

One  of  three  available  units  is  required 
Two  of  three  available  units  are  required 
One  of  four  available  units  is  required 


An  additional  product  KcnoratcMi  by  the  computer  is  a two-part  criticality  trend 
analysts.  Part  I contains  the  criticality  rankinRs  and  linear  reRression  analysis  by 
WUC  for  the  previous  12  months.  Part  11  contains  plots  of  the  criticalities  and 
rcRresston  lines  for  the  2r>  WUCs  top-ranked  accordinR  to  safety  criticality. 

3.2.5  Model  Maintenance 


Each  time  an  aircraft  tyi)c  for  which  a safety  model  has  been  developed  under- 
Roes  a modification,  the  effects  of  the  chanRes  on  the  model  must  be  evaluated.  Tech- 
nical order  and  WUC  revisions  must  be  incorporated  into  the  model.  Removal  of 
existing  hardware,  the  installation  of  new  hardware,  or  dosign  improvements  may 
change  link  dependencies  and  sensitivity  assignments.  The  update  procedure  should 
follow  the  same  general  steps  as  outlined  for  the  initial  analysis  effort. 

Existing  block  diagrams  and  a printout  of  the  functional  card  deck  form  the 
baseline  for  change  identification.  Functional  relationships  should  be  reviewed  to 
determine  the  impact  of  changes  on  the  documented  safety  analysis.  Diagrams  should 
be  revised  to  reflect  functional  differences,  WUC  changes  should  be  noted,  and  all 
differences  listed  on  a flight-safety  functional  tabulation  sheet.  The  functional  deck 
printout  can  be  used  for  manual  indication  of  what  the  changes  are  and  where  they 
occur.  New  data  cards  are  prepared  and  the  functional  deck  updated  by  the  removal 
of  obsolete  cards  and  the  insertion  of  new  cards.  From  this  point  on,  the  computer 
is  again  utilized  to  edit  the  functional  deck,  perform  path  identification  ^documentation, 
and  calculate  sensitivities  for  each  WUC. 

Block  diagrams  and  other  affected  portions  of  the  specific  aircraft  safety 
analysis  report  should  be  updated  and  revised  pages  issued  that  reflect  these  changes. 
Maintaining  an  accurate  and  updated  model  is  important  to  obtaining  an  accurate 
assessment  of  the  safety  significance  of  hardware  failures. 
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0-2  MODEL  DEVELOPMENT 


The  FSPT  model  documented  herein  applies  to  the  0-2A  and  0-2B  aircraft. 

Model  development  on  these  aircraft  was  Initiated  In  August  1974,  and  the  completed 
documentation  was  submitted  to  SA/ALC  for  computer  edit  in  January  1975. 

The  aircraft  flight  manual  and  maintenance  technical  orders  provided  the  Infor- 
mation on  aircraft  system  operation.  The  model  developed  represents  the  0-2  air- 
craft configured  to  the  latest  time  compliance  technical  orders  (TCTOs)  documented  In 
the  manuals  supplied  by  SA/ALC.  Table  4-1  lists  the  manuals  and  their  revision 
status  applicable  to  the  developed  model. 

The  0-2  safety  model  was  developed  by  ARINC  Research  for  all  systems  except 
the  landing  gear.  The  landing  gear  diagram  and  functional  documentation  cards  were 
produced  by  MMER/SA/ALC,  and  Interface  documentation  for  the  landing  gear  was  a 
joint  effort  by  SA/ALC  and  ARINC  Research. 

A single  functional  documentation  deck  having  "02"  In  columns  1 and  2 was  used 
for  the  two  versions  of  the  0-2  aircraft.  Cards  having  a blank  in  column  3 are  common 
to  both  the  0-2A  and  0-2B  aircraft.  When  the  common  cards  are  combined  with  those 
having  an  "A"  In  column  3,  the  resulting  deck  documents  the  0-2A.  Similarly,  the 
common  cards  combined  with  the  cards  containing  a "B"  In  column  3 document  the 
0-2B. 


Because  of  the  vulnerability  of  the  functional  logic/sensitivity  documentation  to 
such  errors  as  omission  of  links,  duplication  of  cards,  and  keypunching,  quality 
reviews  were  conducted  at  various  critical  points  In  the  model  development.  In  addi- 
tion to  keypunch  verification,  each  card  was  checked  against  the  functional  link  shown 
on  the  original  rough  draft  and  the  final  functional  diagram  and  the  diagrammed  link 
was  checked  off.  Missing  or  duplicated  functional  links  were  thus  Identified.  Work 
unit  codes  used  In  the  model  were  checked  off  against  the  WUC  manual  to  assure 
completeness. 

The  quality  reviews  were  first  conducted  by  the  organizations  responsible  for  the 
subsystems  prior  to  merging  and  computer  verification  of  the  respective  aircraft 
decks  by  SA/ALC.  Following  the  merging  of  the  Air  Force/ARINC  Research  decks 
and  computer  verification  at  SA/ALC,  a second  quality  review  was  performed  by  rep- 
resentatives of  ARINC  Research  and  SA/ALC.  Finally,  the  first  criticality  printout 
obtained  from  application  of  actual  aircraft  data  was  reviewed  to  Identify  any  Items 
whose  sensitivity  appeared  to  be  unreasonable.  In  such  cases  the  paths  were  traced 
manually  and  changes  made  If  an  erroneous  relationship  was  found. 

Appendix  C presents  the  methods  and  standards  used  In  documenting  an  FSPT 
aircraft  model.  Appendix  D presents  the  FSPT  documentation  for  the  0-2  aircraft, 
which  covers  both  the  SA/ALC  and  ARINC  Research  portion  of  the  model. 
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HISTORICAL  SUMMARY  OF  FSPT 


In  1965,  the  desirability  and  practicability  of  quantifying  the  significance  of 
specific  equipment  malfunctions  relative  to  flight  safety  was  explored  in  a feasibility 
study  conducted  by  ARINC  Research  Corporation  for  the  Air  Force.  The  feasibility 
of  a safety-quantification  approach,  which  has  subsequently  become  known  as  Flight 
Safety  Prediction  Technique  (FSPT),  was  demonstrated;  and  the  method  was  developed 
and  refined  in  a series  of  studies,  as  follows: 


Study 

Phase  Subject/Date 

I Feasibility  Study, 

September  1965  to 
June  1967  (Phase  I) 

II-A  Technique  Development, 

October  1967  to 
July  1968  (Phase  II-A) 

n-B  Technique  Development, 

July  1968  to  July  1969 
(Phase  II-B) 

FSPT  System  Documen- 
tation for  the  F-4C  and 
T-37  Aircraft,  October 
1970  to  June  1971 


Sponsor*/Publication  No. 

Sacramento  Air  Materiel  Area  (SMNF'), 
Contract  AF09(603)623.35,  SM-67-2; 
publication  705-01-1-777 

San  Antonio  Air  Materiel  Area  (SANEW), 
Contract  AF09(603)-67-A-0267-SA01; 
publication  734-01-1-895 

San  Antonio  Air  Materiel  Area  (SANEW), 
Contract  F09(603)-68-A-0317-SA01; 
publication  754-01-1-985  (Revision  1) 

San  Antonio  Air  Materiel  Area  (MMER) 
Contract  F41608-71-C-0576; 
publication  697-01-1-1118 


In  the  Phase  II-B  study,  the  FSPT  was  applied  to  the  F-106  aircraft.  Con- 
current with  Phase  II-B,  the  U.  S.  Naval  Safety  Center  contracted  ARINC  Research  to 
extend  the  methodology  to  produce  a flight  safety  criticality  model  for  the  F-4J  air- 
craft. The  results  of  this  effort  are  documented  in  ARINC  Research  Publication 
753-01-3-982  (Revision  1). 


In  1970,  ARINC  Research  was  contracted  to  develop  suitable  input  data  to  per- 
mit the  application  of  the  technique  to  the  T-37  and  F-4C  aircraft.  These  data  were 
derived  in  the  form  of  mathematical  model  functional  documentation  as  input  to  the 
basic  computer  program  developed  and  applied  to  the  F-106. 

In  1972,  ARINC  Research  Corporation  was  awarded  a contract,  with  the  sub- 
sequent modifications  in  1973  and  1974,  to  apply  the  Flight  Safety  Prediction 
Technique  to  15  aircraft,  working  jointly  with  cognizant  Air  Logistics  Centers.  Air- 
craft to  which  the  FSPT  has  been  applied  under  this  latter  contract  (F09603-72-A- 
1132-SAOl)  include; 

a.  T-38 

b.  F-lllA  and  FB-lllA 


♦The  office  symbols  of  Service  Engineering  at  the  Sacramento  and  San  Antonio  Air 
Materiel  Areas  are  now  SM/ALC/MME  and  SA/ALC/MME,  respectively. 
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r.  A-7D 

d.  F-ID,  K;  HF-  JC 

e.  C-141 

f.  A-37 
K.  0-2 
h.  OV-10 

I.  n-52G.  M 

J.  C-130K 

k.  K'C-13r) 

l.  C-5A 

m.  T-39 

n.  F-15 

o.  UH-IN  Helicopter* 


* Feasibility  study  of  adaptation  of  FSPT  to  rotnry-wiiiR  aircraft. 
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FORMULATION  OF  CRITICALITY -ASSKSSMKNT  T KC I INIQU F 


To  implement  the  basic  safety  model  defined  in  Section  2.2,  it  is  necessary  to 
develop  a submodel  for  the  probability  that  a malfunction  in  clement  j during  mission 
phase  k will  result  in  an  accident.  This  submodel  in  turn  requires  that  we  estimate 
two  parameters;  the  probability  of  accident  if  a major  function  is  not  available  during 
each  mission  phase,  and  the  dependence  of  the  major  function  on  element  j during  each 
mission  phase. 

The  first  parameter  is  termed  "functional  sensitivity"  and  is  estimated  for  each 
major  function.  The  fimctional  analysis  performed  in  this  task  established  for  an 
aircraft  the  following  hierarchal  scheme: 

Aircraft 

Primary  functions 

Major  functions 

Function 

Elements  (Work  Unit  Codes) 

A primary  function  would  be  one  such  as  Flight  Control.  Major  functions  under 
Flight  Control  would  Include  Pitch  Control  and  Yaw  Control. 

The  second  parameter,  "link  dependency,"  is  a vehicle  for  showing  the  influ- 
ence of  each  functional-path  element  on  the  performance  of  a major  function.  For 
example,  if  the  major  function  being  considered  is  External  Lighting,  the  following 
diagram  illustrates  the  nature  of  functional  sensitivity  and  link  dependency  values. 


0.  1 


* Link  dependencies 

i '''Functional  sensitivity 


The  0.8  value  means  that  failure  of  the  Control  function  will  result  in  loss  of  the 
Landing  Light  function  80%  of  the  time.  The  0. 1 functional  sensitivity  value  denotes 
that  loss  of  external  lighting  will  result  in  an  accident  10%  of  the  time.  The  values 
must  be  Interpreted  in  a proportional  sense,  in  that  the  actual  accident  probability  is 
dependent  upon  external  factors  (see  Section  3.2.3). 
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The  remainder  of  this  appendix  discusses  the  procedures  and  model  used  to 
obtain  element  sensitivities;  e.g. , in  the  above  example,  the  accident  probability 
given  that  a Work  Unit  Code  in  the  Control  function  malfunctions. 

Three  principal  types  of  functional  relationship — series,  redundant,  and 
parallel — ^were  identified  as  representing  the  major  forms  to  consider  in  modeling 
element  sensitivity. 

Series  Relationship  - A function  having  only  one  input.  Schematically, 


A 

B 

A 

which  indicates  that  outside  of  its  own  elements,  the  success  of  function  B is  only 
affected  by  the  success  of  function  A. 

Functional  Redundancy  — A function  having  one  or  more  backup  functions  that 
can  provlcle  the  required  inputs  to  successor  functions.  Schematically, 


where  Aj  and  A2  represent  a functional  redundancy  in  that  either  may  provide  the 
necessary  input  to  B. 

Parallel  Functions  — Two  or  more  functions  independent  of  each  other  in  terms 
of  functional  success,  but  each  of  which  may  be  required  for  a successor  function. 

Schematically. 


R will  generally  require  both  Aj  and  A2  ; but  A|  does  not  depentl  on  A2  . nor  does 
A2  depend  on  A^  . 

In  some  cases  the  distinction  between  functional  redundancy  and  parallel  paths 
is  very  slight,  and  may  depend  on  mission  phase.  For  example  the  four  engines  of  a 
plane  can  be  considered  to  be  a redundant  configuration  providing  inputs  to  the  pri- 
mary propulsion  function  during  cruising,  but  would  generally  be  considered  to  be 
parallel  functions  during  takeoffs  requiring  full  power. 
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In  general,  given  a schematic  relationship  of  the  form. 


we  can  say  that  A and  B are  in  a functionally  redundant  configuration  if  the  success 
probability  of  C is  the  same  if  1)  A and  B are  successful,  2)  A only  is  successful, 
or  3)  B only  is  successful.  If,  for  example,  C is  more  likely  to  be  successful  if  both 
A and  B are  successful,  rather  than  A or  B alone,  then  the  relationship  is  one  of 
parallel  paths. 

It  is  noted  that  the  model  will _also  account  for  element  redundance  and  parallel 
elements  through  inputs  such  as  P(A|ig),  representing  the  probability  that  the  Ath 
function  fails  given  that  the  ig^^  element  in  A has  failed.  If  Ig  is  a parallel  element, 
the  probability  would  depend  on  mission  requirements  and  other  parallel-element 
states. 

Link  dependency  is  the  conditional  probability  of  a functional  failure,  given  the 
failure  of  immediate  predecessor  functions.  The  link  dependencies  applicable  to  the 
three  basic  designs  defined  above  are  shown  below. 

Series  Relationship 


wh«r«  ^ 


Parallel  Functions 


We  shall  generally  assume  that  the  dependencies  of  B|  with  respect  to  A , and  of 
B2  with  respect  to  A , are  independent  of  each  other,  so  that 

' PiBjiAiPfBjiS) 

We  then  can  consider  three  link  dependencies  from  A to  B as  follows: 
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[ 

I 


[ 

i 


i 


P(BJA)  P(BjB2|A)  ^ P(BjB2|A) 
P(B2(A)  = PiBjBgjX)  + P(BjB2(A) 


Models  are  shown  below  for  determining  the  sensitivity  of  elements  within  a 
function  for  each  of  the  three  basic  designs.  The  following  basic  assumptions  apply: 


a.  Except  for  cases  where  an  element  has  a redundant  or  parallel  counterpart 
or  is  located  in  a function  with  a redundant  or  parallel  function,  only  the 
element  under  consideration  shall  be  assumed  to  have  failed  initially.  Thus 
the  expression  P(>f  |in),  representing  the  accident  probability  given  failure 
of  the  1^  Work  Unit  Code  element,  is  based  on  the  assumption  that  no  other 
element  has  failed  unless  element  i is  in  some  redundant  or  parallel  con- 
figuration. For  cases  in  which  there  are  redundant  or  parallel  counter- 
parts, failures  of  such  counterpart  elements  or  functions  are  considered  in 
accordance  with  their  occurrence  probabilities. 

b.  The  success  of  all  immediate  predecessors  ensures  the  success  of  a func- 
tion, provided  that  the  function  experiences  no  element  failures.  Thus  for 
the  series  function  relationship 


we  assume 


P(bIa)  0, 


provided  B experiences  no  element  failures.  If  an  element  in  function  A 
is  under  consideration,  the  latter  provision  is  always  true  by  assumption 
"a." 

The  element  sensitivity  models  are: 

Series  Relationship 


P(.^|la)  = P(A|la)P(B|A)P(C|B)P(.4lC) 
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Functionml  Redundancy 


L J 

P(-#|i,)  = P(A|t^)P(llX)P(Cll)P(wf|C) 


Parallel  Functions 


PUlL)  = P(A|i,){P(BC|  A)P(DIbC)  ♦ P(BC|A)P(D|BC) 

8 a 

+ P(BcIa)P(dIbc)}P(^Id) 

P(-#|lb)  = P(B|ljj){P(ClyP(DlBC)  ^ P(C|yP(DlBC)}Pt>f|D) 


I 

; 


A case  not  explicitly  incuded  In  the  above  three  basic  functional  relationships  is 
one  for  which  a function  Is  In  two  paths,  e.  g. , 


= P(C|iJP(B|i JP(^ICB)  * P(Cli  )P(B|i  )P(^lCB) 

a a a u d 

+ P(C|1JP(B|1J{1  - P(:i|C)P(7|B)} 

a cl 

where  It  Is  assumed  that  the  effects  of  loss  of  the  major  functions  in  accident  occur- 
rence are  Independent  of  each  other. 


Use  of  Numerical  Provisory  Factors  for  Partially  Redundant  Systems 


The  numerical  provisory  factors  (see  Table  3-1)  are  used  where  more  than  two 
identical  functions  are  involved  In  a redundancy.  For  example,  aircraft  with  more 
than  two  engines  often  have  identical  and  Independent  systems  for  hydraulic  pressuri- 
zation, and  for  electrical  power  generation,  one  driven  by  each  engine.  If  the  aircraft 
can  be  operated  safely  with  one  or  more  of  such  systems  in  a failed  state,  one  of  the 
numeric  codes  is  utilized  in  assigning  link  dependency  values.  Consider,  for  example, 
the  following: 

If  N identical  and  independent  units*  are  available  and  at  least  M are  required 
for  safe  operation,  where  0<M<N,  then  the  provisory  factor  of  a given  unit,  say  Uj-  is 
the  probability  that  the  failure  of  Uj  will  cause  the  aircraft  to  enter  an  unsafe  state. 
This  is  the  probability  that  exactly  M-1  of  the  remaining  N-1  units  will  be  in  an 
unfailed  state.  This  probability  can  be  calculated  by  the  formula  for  the  binomial  dis- 
tribution, and  is  given  by 


-'“j'  - 


where  PfUj)  = probability  that  failure  of  the  unit  will  cause  the  aircraft  to  enter 
an  unsafe  state,  and 

M = Number  of  units  required 
N = Number  of  units  available 

p = Probability  that  a single  unit  will  be  in  an  unfailed  state 
q = Probability  that  a single  unit  will  be  in  a failed  state  or  (1-p) 

♦Units  may  be  either  elements,  element  assemblies,  or  functions. 
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Assignment  of  link  dependencies  to  N identical  and  independent  units  of  which 
only  M are  required  proceeds  as  follows.  The  value  assigned  to  each  unit  is  the 
dependency  of  the  higher  level  function  on  receiving  an  output  from  M of  the  units 
(usually  1.0).  The  provisory  factor  is  the  appropriate  numeric  code.  In  the  evaluation 
of  the  path  sensitivity,  the  computer  is  programmed  to  select  the  binomial  formula  that 
corresponds  to  the  provisory  factor  listed. 


APPENDIX  C 

FSPT  DOCUMENTATION  METHODS 


♦ 
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FSPT  IXKUMENTATION  METHODS 


Because  of  the  extreme  complexity  of  aircraft,  it  is  necessary  to  develop  a 
computerized  method  to  Identify  and  document  all  possible  paths  associated  with  each 
function  as  well  as  to  determine  the  safety  sensitivity  associated  with  each  path.  A 
computer  routine  has  been  devised  that  takes  the  data  from  the  functional  card  deck 
and  traces  and  documents  all  paths.  For  each  WUC,  it  also  computes  the  flight-phase 
sensitivities  for  each  path  in  which  the  WUC  is  present.  The  resulting  computer 
printout  provides  a combined  functional  path  sensitivity. 


C.l  ALPHA  CODING 

As  each  system  of  the  aircraft  is  functionally  diagrammed,  the  functional  blocks 
are  assigned  an  "alpha  code".  This  code  aids  the  analyst  in  the  bookkeeping  tasks  of 
functional  diagramming  and  provides  the  computer  with  an  identification  of  the  ele- 
ments to  be  processed.  For  standardization  among  aircraft,  nine  top-level  functions 
have  been  defined  and  each  has  been  assigned  an  initial  or  first-alpha  designator. 

Each  block  in  the  functional  diagram  carries  the  same  initial  alpha  as  the  top  level 
function.  Subsequent  letters  added  to  the  initial  alpha  uniquely  identify  each  block. 

The  only  restrictions  placed  on  the  assignment  of  alpha  codes  are  that: 

a.  All  characters  in  a code  must  be  a letter  of  the  alphabet,  and 

b.  The  maximum  number  of  characters  in  one  code  is  seven. 


C,  2 ALPHA  CODING  AND  COMPIT'ER  PROGRAM  COMPATIBILITY 

Additional  rules  for  alpha  coding  required  to  obtain  the  desired  results  from 
computer  processing  include: 

a.  When  a WUC  item  operates  in  the  same  mode  to  perform  more  than  one 
function,  the  same  alpha  code  is  used  in  each  application. 

b.  When  a WUC  item  operates  in  a different  mode  to  perform  each  of  more 
than  one  function,  a different  alpha  designator  is  assigned  for  each 
operating  mode. 


C.3  FUNCTIONAL  TABULATION 

The  "Flight  Safety  Functional  Tabulation"  sheet  is  used  to  code  the  safety  model 
for  keypunching.  The  sheets  are  coded  as  follows  (refer  to  Figure  C-1)  for  an 
example). 


a.  Columns  1 through  3.  Used  to  identify  the  aircraft  represented  by  the 
model.  For  certain  aircraft  modeled  under  this  contract  more  than  one 
model  - designation  series  MDS  - was  included.  For  instance,  a single 
functional  deck  was  created  for  four  MDSs  of  the  F-4  aircraft.  Cards 
with  "F4h"*  In  columns  1-3  were  common  to  all  aircraft.  For  example, 

= blank 
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Fiffurc  C-1.  FliRht  Safety  Functional  Tabulation 


% 


when  these  cards  are  combined  with  those  carryinR  "F4K"  in  columns 
1-3,  then  it  produces  an  F-4F:  FSPT  model  deck. 

b.  Columns  4 throut^h  31.  Contain  the  title  of  the  function  or  the  WUC  item. 

c.  Columns  32  through  3fi.  Contain  the  left-justified  Wl^C  number. 

d.  Columns  37  and  3H.  Blank 

e.  Columns  39  throuRh  4fi.  Contain  the  assigned  alpha  designator  for  the 
function  and/or  the  WUC.  Column  39  contains  either  an  L or  an  R,  or  is 
blank.  The  L and  R designate  left  and  right  for  those  instances  when  the 
function  and/or  WUC  pertains  to  the  left  or  right  side  of  the  aircraft. 

f.  Columns  47  and  48.  Blank. 

g.  Columns  49  through  55.  Normally  left  blank,  but  are  used  after  a deck 
is  operational  to  substitute  the  data  on  a card  for  that  stored  in  the  com- 
puter by  punching  the  line  record  number  in  this  field. 

h.  Columns  56  through  63.  Identify  the  dependent  functions  for  either 
the  function  or  specific  Wl'Cs  being  coded.  Column  56  may  contain 
L,  R or  blank  for  the  same  purpose  as  that  of  column  39. 

i.  Column  64.  Contains  the  alphanumeric  code  of  the  "provisory  factor" 
applicable  to  the  link  value  assigned. 

j.  Columns  65  through  69.  Contain  the  alpha  designator  of  a function  that  is 
an  alternaie  for  the  function  being  coded.  (Column  65  is  used  for  "L"  or 
"R"  as  in  Column  39.)  The  presence  of  the  "alternate  alpha"  flags  the 
importance  of  the  link  dependency  as  being  affected  by  the  success 
probability  of  the  alternate  function. 

k.  Column  70.  Contains  the  work  unit  code  dependency  value  (1  0. 10; 

2 = 0.20;  ....A  1.0).  This  value  is  applicable  to  all  flight  phases. 

l.  Column  71.  Contains  special  instructions  to  the  computer  through  the 
use  of  letters  F,  S,  or  being  blank.  Cards  with  an  "S"  or  "blank"  in 
column  71  are  used  in  sensitivity  computations.  Cards  with  an  "F" 
document  a functional  relationships  which,  although  present  in  the  sys- 
tem, would  produce  an  erroneous  sensitivity  value  when  combined  with 
other  nonindependent  paths  (having  the  same  function  in  common  at  some 
higher  level).  The  "F"  prevents  the  computer  from  including  the  link  in 
the  sensitivity  calculations. 

m.  Columns  72  through  80.  Contain  functional  dependencies  for  each  of 
nine  flight  phases  as  described  in  Section  3.2. 1 of  the  text.  Coding  is 
the  same  as  for  column  70. 


i 
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C.  \ OIAGIIAM  CONSTIUICTION 


The  (UaRrams  producint  under  the  contrnct  document  the  Tunotional  Inter- 
relationship of  the  aircraft  systems  considered  In  the  model.  In  the  Interest  of  extend- 
InR  the  useful  life  of  the  dlaurams,  WUC  Items  are  not  shown,  thereby  ellmlnatlnR  the 
necessity  of  updatinR  the  dlaRrnms  with  each  (and  sometimes  frequent)  change  to  the 
WUC  manual. 

As  discussed  earlier  In  this  ri?port,  the  dlaRrams  represent  the  hlerarchal 
structure  of  the  paths  from  whU’h  the  sensitivity  values  are  derived.  The  diagrams, 
although  consistent  with  the  system  schematic  and  reliability  block  diagrams,  are  not 
(X]ulvalent  duo  to  this  hlerarchal  method  of  documentation.  In  the  actual  system, 
siRnals  and/or  fluids  pass  from  one  component  to  the  next  and  are  thus  documente<l  in 
schematics;  conversely,  the  hlerarchal  approach  only  Identifies  the  components  that 
must  operate  to  achieve  a given  function.  Independent  of  the  direction  and/or  sequence 
of  signal  flow.  This  approach  directly  addresses  the  system  impact  of  a component 
failure  without  the  necessity  of  identifying  the  Intrasystem  secondary  failures.  F]ach 
line  connecting  functions  on  the  diagram  is  documented  by  a punchcard,  with  the  lower 
function  providing  the  "alpha  designator"  and  the  higher  function's  alpha  designator 
indicator  as  the  "dependent  function".  ♦ 


♦The  card  deck  also  documents  functional  relationships  not  shown  on  the  diagram; 
the  work  unit  codes  (mentioned  earlier)  and  the  "S"  cards  dtsoussod  In 
paragraph  C.  3. 1. 
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FSPT  DOCUMENTATION  OF  0-2  AIKCIIAFT 


This  appendix  contains  the  functional  relationship  diagrams  and  a listing  of  the 
keypunch  cards  that  comprise  the  FSPT  safety  model  documentation  for  the  0-2A  and 
0-2B  aircraft. 


D.  1 DIAGRAMS 

The  diagrams  Illustrating  the  functional  relationships  considered  in  the  0-2 
safety  model  are  presented  on  pages  D-5  through  D-16,  and  are  listed  below; 


Title  Page 

Propulsion,  Diagram  B-1  D-5 

Propulsion,  Diagram  B-2  D-6 

Comm/Nav/ldent,  Diagram  C-1  D-7 

Comm/NavAdent,  Diagram  C-2  D-8 

Information  & Display,  Diagram  D-1  D-9 

Environmental  Control,  Diagram  E-1  D-10 

Flight  Control,  Diagram  F-1  D-11 

Ground  Control,  Diagram  G-1  D-12 

Mission  Support,  Diagram  M-1  D-13 

Landing  Gear,  Diagram  N-1  D-14 

Utilities,  Diagram  U-1  D-15 

Utilities,  Diagram  U-2  D-16 


D.2  CARD  LISTING 

Pages  D-17  through  D-44  are  a reproduction  of  the  punchcard  listing.  The 
listing  Is  alphabetical  by  "alpha  designator",  and  the  format  Is  that  of  the  80-column 
punchcard  Itself  as  described  In  Appendix  C.  At  the  top  of  each  page  the  card  columns 
are  printed  vertically;  for  example,  column  34  Is  printed 

The  first  two  columns  of  the  punchcard  are  coded  "02".  If  the  third  column  Is 
blank,  the  card  Is  common  to  both  versions  of  the  aircraft.  Cards  peculiar  to  one 
version  of  the  aircraft  carry  a designator  in  column  3 for  the  aircraft  - "A"  for  the 
0-2A  and  "B"  for  the  0-2B. 
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A 

2 

HOSE 

32rAC 

LUFC 

LBE 

A 

T2 

HOSE 

32CAC 

'3REC 

PBE 

A 

r.2 

Pi'/JFp  TRANSMISSION 

L8F 

EBB 

AAAAAAAAA 

i'2 

POWER  TRANSMISSION 

IBF 

LBC, 

F 4A A AAA AAA 

•-■2 

Pn'.4FP  TRANSMISSION 

L8F 

LUDO 

FAAAAaAAAA 

^'2 

POWER  TRANSMISSION 

«8E 

RbB 

AAAAAAAAA 

U2 

POWER  TRANSMISSION 

RBF 

BBG 

F AAAAmAAAA 

"2 

PCMER  TRANSMISSION 

H8f 

RUtlO 

FAAAAAAaAA 

12 

CRANKCASE  ASSY 

21AC0 

LBF  A 

LPT 

1 

I.' 2 

CRAflKCASE  ASSY 

21AC0 

RBF  A 

RHF 

I 

'■'2 

HOUSKIG 

21AAA 

lbfh 

LPF 

1 

'■2 

HOUSING 

21AAA 

R8FH 

PPF 

1 

fiP 

8RE ATHCR 

21AAB 

I.BEC 

LBF 

0 

02 

HKFATHFR 

2lAAh 

rbfc 

PBF 

0 

1'2 

OIL  SEAl 

21hAP 

1 8F1) 

LBF 

1 

>^2 

on  SEAL 

21BAn 

RBcri 

RBF 

1 

1'2 

CRANKSHAFT  ASSY 

21BAF 

LPFF 

1 PF 

A 

12 

CRANKSHAFT  ASSY 

2ieAF. 

RBFF 

RBF 

A 

i'2 

CONNECTING  ROO  '6  FA< 

21fcAF 

LBFF 

LBF 

8 

12 

connecting  POti  C6  EA< 

21PAF 

RBFF 

RBF 

H 

'■'2 

CAMSHAFT  AND  GFAP 

21BAK 

L8FG 

LBF 

A 

-JiJUP'  HI* 
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12 

CAMSHAFT  AND  OEAS 

21PAK 

HPFG 

RBC 

A 

, •■> 

<«■ 

FO.JNT  ACCESSilRY  l'«IVF 

LRG 

LFTKA 

AAAAAAAAA 

>,4 

FHilNT  ACCESSDRY  L'WIVL 

LrtG 

CDS 

ACCESS  IKY  DRIVE 

Lac 

NJ 

I'J 

RFAR  ACCtSSdPY  DRIVE 

KBG 

RBKA 

AAAAAAAAA 

;;*(• 

.<cAK  ACCFSSOkY  DRIVE 

RBG 

.<ns 

AAAAAAAAA 

•.  > 

adapter-startch 

21F  AA 

LrtuA 

LBG 

A 

Li-^ 

A.IAPTER-STARTFR 

21F  AA 

RUGA 

RHG 

A 

■'2 

a.iarte;<-stah T/ACC  nKivr 

2 1 F A H 

LttGri 

LBG 

A 

> 

4. 

A2APTER-ST4KT/ACC  D“IVF 

21GA(} 

R3G‘3 

Rpr, 

A 

(KAimKCASE  CnvtR  ASSY 

21FC0 

LBfiC 

LBG 

J 

7 

CRANKCASE  CVFR  ASSY 

2U0C 

ROGC 

RF1G 

0 

t.? 

CilMRUST  IPN 

LBH 

LbF 

AAAAAAAAA 

fV 

CCIMhuSTI'INi 

LBH 

LHHX 

F AAA  AAA  AAA 

' 2 

filMDUST  I^N 

RBH 

RBF 

AAAAAAAAA 

<"•  > 
c. 

CD3  luSTIHN 

RBH 

kBFIX 

FAAAAAAAAA 

• ^ •> 

CYLINDER  assy  1(6  F A< 

21(  CO 

LBHA 

LBH 

1 

(!? 

tYLI\.jFR  ASSY  S6  tA< 

21CC0 

RBH  A 

SBFI 

1 

02 

VALVE, INTAKE  FAS 

21(  AC 

LFIHH 

LBH 

2 

r 2 

VALVF , INTAKE  rh  FAS 

2irAC 

RBHB 

RBH 

2 

' * c 

LXH'.HSr  VAIVF  IS  FAS 

2 1C  AD 

LBFIC 

LBH 

2 

■■12 

EXHAUST  VALVE  i'b  (AS 

2ir  Al' 

RBHC 

RBH 

2 

12 

A«'t-K'CKtR  * 12  EAS 

2 1C  AK 

LBHO 

LBH 

1 

•2 

ARw-RIlCKFR  Y 12  FAS 

21C  AK 

RBHI) 

KBH 

1 

i/C 

ShAF  T-RIlCKcR  «6FAS 

21CAL 

LttHF 

L BH 

1 

1? 

SHAf  T-KIICKER  *SF4S 

ElCAL 

RF^Ht 

RBH 

1 

) 

LlFChK-t^YD  '•■12  EAS 

2 H AM 

LBHF 

1 f(H 

1 

* c. 

LIFTLR-HY.)  1!12  EAS 

2 1C  AM 

KrtHF 

RFH 

1 

'7 

R,0-OHSH  212  fas 

2ir  AP 

1 BHG 

LHFI 

1 

12 

RGD-P'JSH  112  FAS 

2lf  AP 

RBHG 

RBH 

1 

'2 

PI  SIGN  ASSY  To  FAS 

21000 

LOHH 

LBH 

2 

'2 

PISTCN  ASSY  «6  FAS 

211  CO 

RhHH 

RRH 

2 

l'2 

RIND 

21DAA 

LBHJ 

LBH 

1 

’2 

211  AA 

RRHJ 

RBH 

1 

’2 

PI"  '»■(,  eas 

210AP 

LRHK 

LBH 

2 

112 

PIN  ffj  FAS 

2lFiAb 

P BHK 

RBH 

2 

V 

E'lr  I Mir  ATI  IN 

LlTHX 

LBN 

lllllllll 

■■'2 

CHT  INOIIATIDN 

RBHX 

7HN 

111111111 

'24 

SA&l  ,C  iRrtI  NAT  I(  N 

21FC  1 

LBHXA 

LflHX 

A 

■l24 

inatidn 

2 IRC  1 

RBHXA 

RHHX 

A 

12  A 

oULRfC'tT 

21R(  C 

LHHXH 

LBHX 

A 

'2<> 

■1iJL:l,CilT 

21RCC 

RBHXfl 

KBHX 

A 

Vir' 

tlAGr/PU’RF  ASSY 

2 IF  Cl 

LBMXr 

LF1HX 

A 

'2,< 

GAGE /PROOF  ASSY 

21PC  1 

HBHXr. 

PBFIX 

A 

1? 

LUmR icatipn 

LBJ 

L PC 

FAAAAAAAAA 

l2 

LUR“l  CAT  I l.M 

LliJ 

LBF 

01 99S9910 

(12 

LU'JRICATTCN 

RRJ 

RHC 

FAAAAAAAAA 

12 

1 URR  ICAT  IijN 

RRJ 

RMF 

019999910 

(12 

r,IL  S(jPPL  V/I)I  ST 

LHJA 

L BJ 

A A A AAA A A A 

.2 

ML  SDPPIY/OIST 

RAJA 

RF1J 

AAAAAAAAA 

‘'li'.’.l'Jb.JlRl 
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32 

SUMP  ASSY 

21K00 

LBJAA 

LBJA 

3 

•)2 

SUMP  ASSY 

21K0C 

RHJAA 

RBJA 

3 

32 

PLUG 

21KAA 

LBJAB 

LBJA 

1 

'1? 

PLUG 

21K4A 

RBJAR 

RBJA 

1 

>12 

Sr,PE  CNS 

21HAA 

LrtJAC 

LBJA 

0 

.12 

SCRI-ENS 

21HAA 

RBJAC 

RBJA 

c 

i:2 

PRESSUOIZATKIN 

lbjb 

LBJ 

AAAAAAAAA 

ri2 

PRESSURUATIIlN 

LHJB 

LBJPX 

F AAAAAAAAA 

02 

PPESSURIZATiriN 

KBJrt 

RBJ 

AAAAAAAAA 

02 

PRESSURIZATION 

RHJB 

RBJHX 

FAAAAAAAAA 

12 

COVER  OIL  PUMP  GEAR 

21FAC 

LBJBA 

LBJB 

0 

•■’2 

COVER  OIL  PUMP  GEAP 

21EAC 

RBJBA 

RBJH 

0 

'.‘2 

gear, OIL  PUMP  DRIVE 

21HAC 

LBJHfl 

LHJB 

a 

02 

GEAR, OIL  PUMP  DRIVE 

21HAC 

RBJBB 

RUJB 

a 

32 

PJMP 

21HA0 

L8JHC 

LBJB 

8 

12 

PUMP 

21HA0 

RBJBC 

RBJB 

n 

02 

COVER  OIL  PUMP  OPIVE 

21HAE 

LRJRD 

LBJB 

0 

12 

CCVLR  OIL  PUMP  DRIVE 

21HAE 

RDJBO 

RflJP 

0 

'12 

VALVE-PRESSURE  RELIEF 

21HAF 

LBJBF 

LbJB 

3 

02 

VALVE-PRFSSURR  RELIFF 

21HAF 

RQJHE 

RBJB 

3 

02 

OIL  PRESS  INDICATION 

LBJHX 

LPPG 

ILCJB 

444444444 

05 

OIL  PRESS  INDICATICN 

RBjnx 

RBPG 

IRHJ3 

444444444 

3 2 A 

GAGE  COMblNATION 

21FCI 

LHJUXA 

LBJBX 

A 

02  A 

GAGE  COMBINATION 

21PC1 

RBJBXA 

RRJBX 

A 

02  8 

GAGE, OIL  PRESS 

21PFI 

LBJBXO 

LBJBX 

A 

021 

GAGE, OIL  PRESS 

21RF1 

RBJBXR 

RBJBX 

A 

02  A 

CKT  BKK  C'lMBO  GAGE 

42FA8 

LBJBXC 

LBHX 

A 

C2A 

CKT  BKR  COMBO  GAGE 

42FAB 

LBJ8XC 

LBJX 

A 

02A 

CKT  RKR  CUMHO  GAGE 

42FAB 

RBJflXC 

RRHX 

A 

02A 

CKT  HKH  COMBO  GAGE 

42FAB 

RBJBXC 

RBJX 

A 

32 

OIL  TEMP  CONTROL 

LRJC 

LPJ 

008888800 

02 

MIL  TEMP  CONTROL 

LBJC 

LBJX 

P AAAAAAAAA 

02 

OIL  TEMP  CONTROL 

RBJC 

RBJ 

U08888800 

:)2 

OIL  TEMP  CONTROL 

RBJC 

RBJX 

FAAAAAAAAA 

02 

COOLER 

21HAH 

LHJCA 

LBJC 

5 

02 

cooler 

21HAB 

RBJCA 

RBJC 

5 

^^2 

VALVE-VERNATHERM 

21FAG 

LBJC8 

LBJC 

5 

02 

VALVE-Ve  RNATHERM 

21HAG 

ROJCB 

RBJC 

5 

02 

OIL  TEMP  INOICATION 

LBJX 

LBPG 

ILdJC 

333333333 

02 

OIL  TEMP  INDICATION 

RHJX 

PBPG 

IRHJC 

333333333 

024 

GAGE, combination 

21RCI 

LUJXA 

LBJX 

A 

'.;2A 

GAGE t COMBI  NAT  I ON 

21KC1 

RBJXA 

RBJX 

A 

■J2A 

BULH  OIL  TEMP 

2lRCft 

LHJXB 

LBJX 

A 

I2A 

TOL«  OIL  TEMP 

21FC3 

RflJXR 

RBJX 

A 

:i2k 

GAGE/PROHE  ASSY 

21P01 

LBJXC 

LBJX 

A 

02H 

GAGF /PROBE  ASSY 

ZlROl 

HBJXC 

RHJX 

A 

02 

ENGINE  START 

LBK 

LBH 

T 

AAAAAAAAA 

.12 

ENGINE  START 

RBK 

RBEt 

T 

AAAAAAAAA 

12 

STARTER  ACTION 

LBKA 

LBK 

Liiiinii 

02 

STARTFR  ACTION 

RBKA 

rbk 

iiiiiiin 

jiHi 
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T*- 

, * ■» 

STAKTER 

21SAA 

LBKAA 

LPKA 

A 

•> 

STARTER 

21  SAA 

R8KAA 

HBKA 

A 

• « 

.'2 

CONTRACTOR 

21SAC 

L8KAB 

1 BKA 

A 

12 

CONTRACTOn 

21SAC 

R8KAB 

R8KA 

A 

r 

'■2/. 

ENGINE  STARTER  BUTTON 

9921  A 

LHKAC 

L8KA 

A 

iM.', 

FNCINE  STARTER  BUTTON 

9',?1  A 

R8KAC 

R8KA 

A 

« • 

f-2u 

hagneto/starter  Switch 

99218 

LBKAO 

LhKA 

A 

-’2  1 

MAGNETO/STARTE « SWITCH 

99218 

R8KAD 

RBKA 

A 

? ■ 

'i2  > 

CKT  6KR  INST  CLUSTER 

42FAB 

LBKAE 

1.  8HX 

A 

. 

U2  -1 

CLT  8KR  INST  CLUSTER 

62FA8 

LBKAE 

I.8JX 

A 

I. 

,1  ^ 

CKT  8KR  START  CONTROL 

‘.2FA8 

L8KAF 

L8KA 

A 

V’.. 

CKT  8KR  INST  CLUSTE'^ 

42FAh 

ROKAE 

RfsHX 

A 

r • 

Ii<"' 

CKT  3KR  INST  CLUSTER 

42EArt 

R8K  AF. 

RPJX 

A 

i 2 

6KT  BKK  START  CONTROL 

42FA6 

RrtKAF 

RBKA 

A 

« 

•»  ■> 

L 

CKT  3KR 

42FAn 

ROKAE 

DU 

A 

I- 2 

OUAL  IGNITION 

L8L 

LBH 

AAAAAAAAA 

■12 

2UAL  IGNITION 

RBL 

RBH 

AAAAAAAAA 

'2 

LEFT  IGNITION 

LOLA 

LBL 

KLBLB 

AAAAAAAAA 

4 • 

, 3 

LEFT  IGNITION 

R8L  A 

R8L 

KRBLB 

AAAAAAAAA 

'12 

“AGNETO 

2IFAA 

LBLAA 

LOLA 

A 

i 

'.'2 

RAGNCTO 

21FAA 

R8L  AA 

ROLA 

A 

”2 

SPARKPLUGS  «6  E A< 

2 IF  AC 

L8LA8 

LBLA 

1 

* ' 

02 

SPARKPLUGS  «6  EA< 

21EAC 

RbL  Ah 

RBL  A 

1 

12 

HARNESS 

21E  AO 

LBLAC 

LBLA 

•> 

■ "y 

HARNFSS 

21FA8 

RBL  AC 

RBI  A 

2 

i 

'■'2 

E ILTEK 

2ir  AE 

LOLA!) 

L8L  A 

2 

• * 

J2 

FILTER 

21FAF 

RKL  AD 

PBLA 

2 

n 3 

MAGNETO  SWITCH 

99218 

lblaf 

LBLA 

5 

• 

'.2 

“AGNETO  Switch 

99218 

ROLAE 

P BIA 

5 

i 

.12 

RIGHT  IGNITION 

lblr 

1 BL 

KLHLA 

AAAAAAAAA 

i 

1 > 

RIGHT  IG'NITION 

RBL  8 

RHL 

KRrtLA 

AAAAAAAAA 

'^2 

magneto 

21FAA 

LBL  8 A 

LHl  L< 

A 

•t  - 

' . "* 

MAGNETO 

21FAA 

RBL  HA 

RP-LB 

A 

12 

SPARK  ’’LUGS  J!t  FA< 

21F  AC 

LBLBB 

Lhl  l‘ 

1 

i. 

ii2 

SPARK  "LUGS  16  EA< 

2irAC 

RBLBB 

R13LB 

1 

■ 2 

HARNESS 

21E  A8 

LBL8C 

LBLH 

2 

?• 

!l? 

HARK  ess 

21FA8 

RBLiiC 

Rhl  '3 

2 

T2 

F ILTER 

21FAF 

LBL  BO 

LBLB 

2 

”2 

FILTER 

2lEAr 

’BLBD 

PPLB 

2 

),• 

MAGNETO  SWITCH 

99218 

L8LDE 

LBL  3 

5 

?' 

12 

MAGNETO  SWITCH 

99218 

RBL  BE 

RBI  fi 

5 

1 

112 

EXHAUST 

lb,m 

LBH 

AAAAAAAAA 

•)2 

lxmaust 

LBM 

LBMX 

F AAAAAAAAA 

12 

FXHAUST 

ROM 

RBH 

AAAAAAAAA 

«- 

'12 

EXHAUST 

RBM 

RbMX 

F AAAAAAAAA 

n2 

RISER  front  tc  £A< 

21MAA 

LBMA 

LBM 

1 

3 3 

RISER  FRONT  «6  EA< 

21NAA 

FBMA 

RBM 

1 

<32 

MUFFLER  FRONT  «2  tA< 

21NAL) 

LBMB 

LOM 

1 

r 

''2 

muffler  front  t2  FA< 

21NA0 

RBM8 

RBM 

1 

12 

shrouu  assy  front  T2  EA< 

21AAE 

L8MC 

L BM 

0 

( 

i 


XOP-( 
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iZ 

SHRUUO  ASSY  FRONT  *2  EA< 

21NAE 

RHMC 

RBM 

0 

i'2 

TAIL  PIPE  FRONT  *?  EA< 

21NAF 

LBMD 

1 RM 

1 

. "1 
• 'c 

TA  a PIPE  FRONT  «2  f 4< 

21NAF 

R8MD 

RPM 

1 

1 ’ 

MOUNT  SHOCK  FRONT  iZ  EA< 

21NAH 

LBME 

1 BM 

1 

•,  t 

MilUNT  SHOCK  FRONT  *2  A< 

?1NAH 

RHME 

RRM 

1 

'IJ 

CllLLECTlIR/HALL  ASSY  FRONT 

2 INAL 

LBMF 

L BM 

1 

n2 

CTLl  ECTOR/BALL  ASSY  F»l'NT 

21NAL 

R8MF 

RBM 

1 

C2 

RISER  *6  EA<  REAR 

?INDA 

L8MG 

L BM 

1 

<Z 

RISER  T6  FA<  REAR 

21NKA 

RBMG 

ROM 

1 

;'2 

MUFFLER  RCAk 

21NRD 

LBMH 

LBM 

1 

>2 

MUFFLER  REAP. 

21NPD 

RBMH 

RBM 

1 

COLLECTOR/SUCKET  ASSY  RKAR21NPE 

L8MJ 

LflM 

1 

'12 

COLLECTOR/SOCKET  ASSY  FFAR21NPF 

R8MJ 

RBM 

1 

"'Z 

ELBOW/SnCKET  ASSY  RFAR 

21NHF 

LBMK 

LBM 

1 

■J2 

FLbOW/SOCKET  ASSY  REAR 

21NHF 

RBMK 

RBM 

1 

f 2 

EOT  INDICATION 

LBMX 

LBPF 

OOOCOCcuO 

!i2 

EGT  INDICATION 

RBMX 

RBPF 

oooooooco 

.12 

EC.T  INDICATOR 

21FJI 

LHMXA 

LBMX 

A 

"2 

EOT  INDICATOR 

21PJI 

R8MXA 

RBMX 

A 

'2 

EOT  PROBE 

21E  JA 

LBMXB 

LBMX 

A 

:'2 

O&T  PROBE 

21HJA 

PB'RXB 

RBMX 

A 

12 

M I KI NO 

21PJH 

LBMXC 

LBMX 

8 

V 

R I R I NO 

21R  JP 

RBMXf 

RBMX 

8 

12 

FNOINE  CJULING 

LBN 

LBH 

U44UI  no 

0 2 

ENGINE  COULING 

RBN 

RBH 

044111110 

l’2 

CO^l  flaps  *2  tA< 

21PAA 

LRNA 

LBN 

1 

J2 

COwL  FLAPS  J2  tA< 

21  PA  A 

RBNA 

RBN 

1 

12 

SWITCH  control 

21PAC 

LBNrt 

LBN 

A 

or 

SWITCH  control 

21PAC 

RRNB 

RBN 

A 

'12 

TOROUF  TUBE 

21PAE 

L3NC 

LBM 

A 

02 

TOROUE  TURF 

21PAE 

RRNC 

fi‘3N 

A 

'12 

MOTl'R 

21PAF 

LBND 

L BN 

A 

i'2 

V JTHR 

21PAF 

RBND 

RBN 

A 

'J2 

CONTROL  ROUS  *.?  EA< 

riPAO 

LRNF 

LBN 

b 

0 2 

C'lNTROL  RODS  T?  EA< 

21PAG 

RBNE 

RBN 

b 

12 

Switch, limit 

21PAJ 

LBNF 

LPF 

5 

')2 

switch, LIMIT 

21PAJ 

RONF 

RBN 

b 

12 

AIRSCOnP  ASSY  j;rear< 

llEL'A 

RBNO 

RBN 

1 

02 

CYL  BAFFLE  ASSY 

21CAT 

LRNH 

LHN 

1 

.V 

CYL  raffle  ASSY 

21CAT 

RPNH 

RBN 

1 

0 2n 

CKT  )KR  COWL  FLAPS 

4?f  AB 

LBNJ 

LBN 

A 

02  0 

CKT  BKR  COWL  FLAPS 

421  AH 

RBNJ 

RBN 

A 

"2 

CIMHUSTIRLE  MIX  DELIVERY 

LBP 

LBM 

aaaaaaaaa 

II? 

COMBUSTIBLE  MIX  DELIVERY 

RBP 

RBH 

A A AAA  A AAA 

32 

AIR  THROTTLF/FUEL  F'ETEK  AS 

2 IGAB 

LBPA 

LBP 

2 

1? 

AIR  THHOTTLE/FUEt  METFF  AS21GA6 

RBPA 

RBP 

2 

•12 

INDUCTION  AIR 

LBPB 

LBP 

AAAAAAAAA 

12 

INDUCTION  AIR 

LBPD 

LRPHX 

FAAAAAAAAA 

INDUCTION  AIR 

RBPB 

RBP 

AAAAAAAAA 

-2 

induction  air 

KBPH 

ROPrtX 

FAAAAAAAAA 

D-22 
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i;2 

MPPOX  ASSY 

21  JAC 

LBPOA 

LBPB 

5 

■12 

AIBHOX  ASSY 

21  JAC 

R8PBA 

EBPrt 

5 

tl2 

MANlFCILO.fUT  AKt 

21  JAJ 

LBPBrt 

LB  PH 

1 

12 

•>amfilo.futakf 

21  JAJ 

RaPPb 

RBPH 

1 

r-2 

TOPE  ASiY 

21  JAB 

LBP8C 

LBPB 

1 

tl2 

TU8E  ASSY 

21  JAB 

RrtPilC 

HBPB 

1 

2 

\I«  INDUCT  ION  CUNT  IFVEP 

2lMAt 

LBPHO 

LHPFi 

A 

il2 

AIR  IM3UCTinN  CONT  (EVER 

21RAE 

RBPRD 

RUPP 

A 

M2 

\1R  INDUCTION  TELFFLFX 

21MAF 

LBPOF 

LBPrt 

A 

r.2 

AIR  INDUCTION  TELEFLFX 

i'lNAF 

RBPBE 

WbPB 

A 

■'1 2 

•1ANIF0L0  PRESS  IND 

LBPBX 

LPPG 

KL  BDD 

111111111 

1 2 

MANIFOLD  PRESS  IND 

RBP'JX 

RBPG 

KR  BD  ) 

lllllllll 

' 12 

GAGEtNAN  PRESS 

21R1.1 

L BPrtXA 

LBPBX 

8 

■'2 

GAGE, MAN  PRESS 

21RGI 

RBPBXA 

RBPBX 

0 

11? 

NORMAL  INDUCTION  AIR 

LB  PC 

LBPB 

LBPD 

111111111 

12 

N’IRMAL  induction  AIR 

RBPC 

PBPrt 

RrtPO 

lllllllll 

(12 

filter 

21  JAA 

LBPCA 

LBPC 

1 

02 

F ILTFR 

21  JAA 

RBPCA 

KBPC 

1 

1? 

altf..(natf  induction  air 

LBPD 

LBPb 

KL  BPC 

AAAAAAAAA 

0 2 

alternate  induction  air 

RBP  J 

(<BPH 

KRBPC 

AAAAAAAAA 

"'2 

duct  alt  air 

21  JAG 

L6PDA 

L BPD 

0 

0,'’ 

duct  alt  air 

21  JAG 

RBPDA 

RBPO 

0 

121 

LEVFR  AIR  INOUCrrOR  COMTFG2lR'AE 

LflPDP 

LPPO 

A 

■121 

LEVER  AIR  INDUCTIOR  COMROPIMAE 

RBPDP 

RBPD 

A 

M/-A 

TELE FLFX 

21PAF 

LBPOC 

LBPD 

A 

'■'2  ■' 

TELEFLFX 

21PAF 

RBPOC 

RbPD 

A 

02 

SPRING 

21  JAK 

LBP.JD 

LrtPU 

1 

'1? 

SPRING 

21  JAK 

R3PDD 

RBRD 

1 

FUFi  injection 

LBPL 

1 BP 

AAAAAAAAA 

I ■? 

FUEL  INJECTION 

L8PE 

LHPEX 

f AAAAAAAAA 

12 

FUEL  INJECTION 

RBPE 

RBP 

AAAAAAAAA 

12 

FUEL  INJECTION 

RBPE 

RBPEX 

f AAAAAA4 A A 

'2 

PUMP/VAPOR  SEP 

2 IGA  A 

LBPCA 

LBPE 

4 

•'»  *> 

C. 

PUMP/VAPCR  SEP 

21(.AA 

RRPFA 

FBPE 

4 

.12 

FUEL  MANIFOLD  VALVE 

21&AC 

LPPFH 

LBPF 

8 

;2 

FUEL  MANIFOLD  VALVE 

21CAC 

RbPFE 

RBPC 

8 

■'2 

HOSF 

21  CAD 

L3PEC 

LBPE 

A 

02 

Hl.SE 

21GAD 

RBPFC 

R8PE 

A 

02 

NOZZLES  K6  EA< 

21GAE 

LBPEO 

LBPE 

2 

:)2 

NOZZLES  *6  E4< 

21GAE 

RBPCD 

RBPF 

2 

12 

TUBES 

2 1 GA  r 

LHPFE 

LOPE 

fl 

02 

TUBES 

21GAF 

RBPEF 

RBPE 

U 

'2 

FUEL  flow  INDlCATin.N 

LRPEX 

LBPF 

ILHRD 

111111111 

‘ '2 

EUFL  flow  indication 

RBRFX 

RPRF 

IRBRD 

lllllllll 

j2 

indicator 

21FHI 

LBPCXA 

LPPtX 

A 

.12 

INDICATOR 

riPHl 

RBPFXA 

RBPt  X 

A 

02 

MIXTURE  CONTROL 

LBPF 

LBPF 

555555555 

i2 

MIXTURE  CONTROL 

RBPF 

ROPE 

555555555 

02 

lever, MIXTURE 

21  MAC 

LBPFA 

LBPF 

A 

.12 

LtVFM.MJ  XTURE 

21MAC 

Ri<  p r A 

RBPF 

A 

I 


m AVAILABLE  COPY 


P;.!"’OS. Jl»l  OATfc  * Cl/l2/7o 


FUIl'.HT  'iAFf-TY  PKtDICTIUN  TECHNigur 


Uv'uOOOOuOll  11  IU111222222222.?  13  33  3 33i3344<»<»4<»A4445&5555555566666h6666  7 77  / 7 77  7 
12  3<♦S^.7fl90l2^A567890l23<^5^7890l2  3A567fl90l23<^567n90l23A!>67890123A^>67890l2  3A567890 


0 2 

TtLFFLtX  21'iAK 

21MA0 

L8PFB 

LBPF 

A 

'? 

TFLFFLEX  21«»Ak 

21HAD 

RBPFH 

RRPF 

A 

112 

CONTKOLFX  21MAI) 

21MaK 

LBPFC 

LBPF 

A 

•)2 

CdNTROLFX  Pl'IA') 

2 IRAK 

R8PFC 

RBPF 

A 

1’.? 

throttle  control 

LBPG 

LBP 

AAAAAAAAA 

i'2 

THROTTLE  CONTROL 

RBPl, 

PBP 

AAAAAAAAA 

■V 

thpcttlf  lever 

21HAA 

LOPGA 

LHPC. 

A 

Throttle  lever 

21MAA 

RBPGA 

RBPr, 

A 

"2 

teleflex  21’^AJ 

21MAB 

LBPGH 

LBPG 

2 

TFLFFLEX  21MAJ 

21MAB 

RBPGH 

FhPi. 

2 

12 

ClNTOQLEX  2lNAri 

21MAJ 

lbpgc 

LBPG 

2 

"2 

CONTROLFX  21MAH 

21  RAJ 

RbPC.C 

KtPC. 

2 

i\viI^E  PRIMING 

L80 

LBKA 

Y 

sum  lu 

1 2 

I-NGINE  PRIMING 

RBO 

RBKA 

Y 

SllllllU 

.j2 

Phli'ING  CONTROL 

21UAA 

LBOA 

LBO 

A 

12 

“RIMING  CONTROL 

21CAA 

«HOA 

RBQ 

A 

■12 

ENGINE  FULL  UELlVEkfO 

L3RA 

LHPE 

AAAAAAAAA 

12 

engine  fuel  HELIVEREO 

RHRA 

R'lPC 

AAAAAAAAA 

1 _ ■> 

FUEL  STRAINER 

‘»0L  Ah 

LHR  AA 

1 BRA 

1 

■ i? 

FUEL  strainer 

A6t  AB 

RBRAA 

R8RA 

1 

'2 

STRAINER  (TRAIN  KNO'I 

AbDAC 

L8RAB 

IRPA 

0 

"2 

STRAINER  IJRAIN  XNOb 

'l&DAC 

RdRAB 

R8RA 

0 

■|2 

VApnp  RETURN  CHECK  VALVE 

A60AF 

LdRAC 

LIRA 

1 

f ? 

VAPOR  RETURN  CHECK  VALVE 

^6PAF 

RBR  AC 

RBR  A 

1 

i2 

HOST-  UNION/FIREWALL 

460Ar> 

LlJRAD 

LBRA 

8 

i'2 

H'3SF-  PUMP/UNION 

AbDAH 

LBRAE 

LORA 

H 

12 

hcsf-  pump/filter 

AbllAJ 

L8RAF 

LBRA 

8 

12 

HOSE-  FUEL  FLOW 

<*6CAK 

LRRAG 

LBRA 

1) 

>2 

HOSl-  PJMP/r irerai  L 

Abl  AL 

RHRAH 

RBR  A 

8 

CJ2 

H('S1  - “UMP/FILTER 

AbOAM 

RrtRAJ 

RHRA 

« 

'.■12 

msr-  FUEL  FLOW 

‘tbPAN 

R8RAK 

RAR  A 

0 

'.2 

t-MFRGENCV  CROSS  FEED 

LBRfl 

LBRA 

KLBRC 

AAAAAAAAA 

'.’2 

‘ MEPGENCY  CROSS  FEED 

RBR8 

RBRA 

KR  SRC 

AAAAAAAAA 

■>2 

VALVE 

<•<>  E A E 

LBRKA 

LPR-3 

A 

J2 

VALVE 

46EAF 

KBRPA 

RBRB 

A 

A. 

normal  feed 

L6RC 

LBRA 

L3RB 

IIIUIUI 

■2 

NORMAL  FEE') 

RBRC 

KBRA 

RBRB 

iiuum 

112 

ScLECTOR  VALVL 

AbCAD 

L8RCA 

L BPC 

A 

^2 

selector  VAIVE 

4bL  aO 

RBRCA 

RflPC 

A 

■'.2 

OC  AR  HOX 

A6E  A h 

LBRCB 

LBRC 

A 

112 

GF  AR  3()X 

4bEAB 

R8RCB 

H0RC 

A 

(12 

HANDLE  SELECTOR 

A6EAC 

LHRCC 

LBPC 

A 

(12 

HANJLO  SELECTOR 

AbtAC 

HBRCC 

RBRC 

A 

1)2 

CAftLC  FUEL  SELFCTOP 

AoEAD 

LBRCD 

LBRC 

A 

"2 

CAflLE  FUEL  SELECTOR 

46EAD 

K8RC0 

RBRC 

A 

'12 

NORMAL  LFFT  FEFD 

LBR'T 

PBRB 

AAAAAAAAA 

02 

NORMAL  lEFT/RIGHT  FEED 

LBRI' 

LBRC 

LB  RE 

iiimiii 

'•2 

NORMAL  RIGHT  FFFO 

RBRO 

LPRB 

AAAAAAAAA 

0? 

NORMAL  LFFT/RIGHT  FEEl) 

RBRO 

RBRC 

RBRE 

llllUIll 

0 2 

alternate  left/right  FEFO 

LBRE 

LBRC 

KLBRD 

AAAAAAAAA 
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02 

ALTERNATE  LEFT/RIGHT  FEED 

RBRF 

R8BC 

KRBRD 

AAAAAAAAA 

,■■  > 

FULL  DTY  INDICATED 

LftHF 

L BPF 

11  lllllll 

'2 

FUEL  iJTV  INDICATED 

RHkF 

KilRF 

lllllllll 

■'2 

GAGE 

4i>GAA 

LKRF  A 

Lb«F 

B 

■j  A G L 

4oGA  A 

MRRF  A 

wBBF 

0 

'2'< 

iECECTflP  SWITCH 

46r.AB 

LRRFH 

1 MR  F 

A 

Vi' 

SELCCTUB  SWITCH 

46GA!') 

R0fiFH 

RBRF 

A 

I?  A 

MICWQSWI TCH 

4oC.AC 

LBRFC 

LBRF 

A 

J2  A 

"ICROSWl TCH 

46(/AC 

HftkFC 

RBRF 

A 

02A 

■HA.N)L'=  SELtCTlOP 

461  AC 

IPRFD 

lbrf 

A 

1)2  A 

HANDLE  SELECTOR 

■'♦6EAC 

R8RF0 

RORF 

A 

.I2A 

•'■EAR30X 

4otAB 

LGRTE 

LHRF 

A 

')2  A 

GE  ARI30X 

4t.FA8 

RmRF  t 

RBRF 

A 

■VA 

CRT  3KR  CnwLFLAPS 

62FAR 

LPRFG 

LPN 

A 

02 

CRT  RRH 

42FAn 

LBRFG 

LBRF 

A 

',1?  A 

CRT  6Rk  COwLFLAPS 

42FAH 

RtlREG 

RUN 

A 

■J2 

CRT  6RR 

42F  AM 

RBRFG 

RbHF 

A 

■)? 

EOEl  DTY  L'ET  ?Al;X< 

L6RG 

LBRF 

222222222 

02 

ojCL  JTY  Dt'T  *AUX< 

R0KG 

RHKF 

222222222 

!2 

TPANSHI TTCR.OTY  AUX 

4oGAF 

LE.BGA 

LbRG 

6 

0 2 

TR  ANSMlTTiCR.QTY  AUX 

46GAF 

RGRGA 

RBRG 

d 

02 

FUEL  DTY  DET»;'*'ain< 

LbEH 

LbRF 

88 IBBSBBB 

02 

FUEL  DTY  0=TtMAIN< 

BftRh 

RBRF 

dB88ft8BrtB 

02 

TRANSMITTER  HOUTHfX 

46  GAO 

LBRH4 

LBRH 

M 

02 

T'RANSMITTFR  tOUTbD< 

46  GAD 

RBRHA 

RBRH 

8 

2 

transmitter  »;in  Rn< 

4oGAE 

LdRHO 

L3PH 

B 

)■> 

TRANSMITTER  TIIN  8D< 

4t.GAE 

BHRHB 

RriRH 

R 

02 

AUX  SUPPLY 

LBSA 

LPRD 

222222222 

12 

AUX  SUPPLY 

LRSA 

LPRG 

FAAAAAAAAA 

02 

AUX  SUPPLY 

BBS  A 

‘IBRD 

222222222 

'2 

AUX  SUPPLY 

R0SA 

mBHG 

FAAAAAAAAA 

iV 

AUX  tanr  assy 

4oC  A A 

L0SAA 

LBSA 

9 

' *2 

■AUX  TANR  ASSY 

46CA4 

BPS  AA 

RBSA 

9 

j2 

VALVE  JUICR  DRAIN 

46CAC 

LBSAB 

LrtSA 

1 

02 

VALVE  OUICR  DRAIN 

46r  AC 

RbSAP 

RBSA 

1 

iV 

main  supply 

LrtSP 

L8RD 

88d8ddcOj3 

0 2 

leet  main  supply 

LBSH 

■IBH  t 

AAAAAAAAA 

02 

MAIN  SUPPLY 

LISP 

L BRH 

FAAAAAAAAA 

02 

MAIA'  SUPPLY 

ROSb 

RPRJ 

BBBB88BB8 

1 12 

RIGHT  MAIN  SUPPLY 

RHSb 

LbPE 

AAAAAAAAA 

02 

MAIN  SUPPLY 

RBSa 

RHRH 

FAAAAAAAAA 

02 

RAIN  TANR  ASSY 

46AAA 

L8SPA 

LHS8 

9 

12 

■IAIN  TANR  ASSY 

46AAA 

RBSBA 

Re.Sll 

9 

1 2 

HOSl  INTERCONNECT 

46AAC 

LMSbh 

LOSB 

9 

02 

HOSE  INTfRCONNECr 

46  A AC 

RBSmm 

RBS-l 

9 

■02 

VALVE  VENT  LINE  CHECK 

46AA0 

LIS  PC. 

LMSP 

3 

02 

VALVE  VENT  LINE  CHECK 

46AA0 

RHSBC 

RBSB 

1 

02 

SUMP  TANK  ASSY 

46HAA 

LbSllO 

1 PSP 

A 

V 

SUMP  TANR  ASSY 

46PAA 

RBSbD 

RbSM 

A 

)2 

VALVE  ■JUICK  DRAIN 

46PAB 

LrtSBC 

LHSb 

1 

D-25 
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u? 

VALVE  QUICK  OHAIN 

4oPA8 

R6SBE 

PBSB 

1 

r.P 

A'JX  PRESSURE 

LBSC 

LHSO 

lllllllll 

OO 

Aux  pressure 

Rose 

RBSB 

llllillll 

10 

MIX  POMP 

HOl  A A 

LBSCA 

LBSC 

A 

00 

AUX  PUMP 

46nAA 

RBSCA 

RBSC 

A 

• 2 

AI.)X  PUMP  SWITCH 

4oLAA 

LBSCB 

1 BSC 

A 

1? 

AUX  PUMP  SWITCH 

46EAA 

RBSr.P 

RBSC 

A 

:? 

CKT  aXR  AUX  PUMP 

42FAB 

L8StC 

LBSC 

A 

JO 

CKT  8KR  AUX  PUMP 

42F  AB 

R8SCC 

RBSC 

A 

' * "* 

CKT  3KR 

42E  AB 

RBSCC 

OP 

A 

■w 

loro  OMLV.ENOINF  EAILURL 

BX 

HX 

F 

AAAAAAAAA 

1 2 

'-.OM/OAV  lOENT 

C 

AAAAAAAAA 

''2 

'.n^MUNlCATinM 

CA 

C 

F 

001111123 

')2 

I XTE»\4L  COMM  ATTN 

CAA 

CA 

lllllllll 

112 

PCUUNIIANCY  ATTN 

CAB 

CAA 

lllllllll 

■12 

SECURE  VOICE 

CAD 

CAA 

003000000 

12 

COncR  UNIT 

ON  AA  1 

CADA 

CAO 

A 

12 

«OUNT  CODER 

69«rl  1 

CAUB 

CAO 

0 

'2 

CONTROL  UNIT 

69AC1 

CADC 

CAD 

A 

(12 

RELAY 

69A0i 

CADO 

CAO 

A 

12 

CIRCUIT  mP.EAKER 

42FCiJ 

cade 

CAU 

8 

.12 

'JOF-A-*  C3MM 

CAE 

CAS 

llllllllL 

112 

KfCfclVkP-TRANSMITTER 

6 3AAI 

CAEA 

CAE' 

H 

'12 

CHASSIS  ASSY 

63AAA 

CAFO 

CAE 

8 

02 

PBLAMP-BF 

63AAn 

caec 

CAE 

0 

n -* 

AMPLIEIER-IF 

t3AAC 

CAED 

CAE 

8 

02 

AMPL iriEH-IF 

6 3AALI 

CAFE 

CAE 

8 

•12 

M'lOULATOR-AUDin  AMP 

63AAF 

CAEF 

CAF 

8 

■ ■«  ^ 

. 

SPFlTRUM  GENERATOR 

63AAF 

CAEG 

CAE 

8 

02 

POWER  amplifier  XMITTR 

63AAG 

CAEh 

CAE 

3 

)2 

RCCt  IVEP-GUARD 

63AAH 

CAE.J 

CAE 

1 

'’2 

PwB  SUPPLY 

63AAJ 

CACK 

CAE 

8 

02 

metchanical  tuner 

63AAK 

GAEL 

CAF 

B 

J2 

INDICATOR  SWR 

<.3ABI 

CAFM 

CAF 

0 

•12 

RLOWER  CXTFPNAL 

63ACI 

CAEN 

CAF 

A 

ra 

M’.IUNT-R/T 

03AD1 

CAEP 

CAE 

3 

02 

CONTROL  UNIT 

63Ar  1 

CAEO 

CAE 

8 

f'2 

ANTENNA 

61AF  1 

CAER 

CAF 

B 

1 2 

ANTENNA 

t3Ari 

caer 

CAG 

8 

02 

F ILTER-POWER 

63AG1 

CAES 

CAE 

7 

'2 

CIRCUIT  JREAKER 

42FC0 

CAE  T 

CAE 

8 

02 

VHF-FM  COMM 

CAF 

CAB 

lllllllll 

32 

VHF-FM  C'MM 

CAE 

CCK 

AAAAAAAAA 

02 

RECEIVER- Transmit  TER 

62AAI 

CAFA 

CAF 

rt 

02 

CHASSIS  ASSY 

62AAA 

CAFB 

CAF 

H 

(•2 

MOnULATION  amp.xmitter 

62AAH 

CAFC 

CAF 

3 

i'7 

AUOIO  AMP 

62AAC 

CAFO 

CAF 

3 

■''2 

IF  AMP 

b2AAE 

CAFE 

CAF 

8 

3 2 

RF  OSCILLATOR 

62AAF 

CAFF 

CAF 

B 

’2 

-iMCNUATOR  VARIABLE 

62AAG 

CAFG 

CAF 

8 

L : 
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112 

SUPPLY 

62AAH 

CAFH 

CAF 

R 

t ' » 

CilNTHOL  UNIT-RF 

62AAJ 

CAFJ 

CAF 

8 

)2 

l>F  AMP  *A6500< 

b2AAK 

CAFK 

CAF 

8 

12 

KF  AMP  tA6600< 

62AAL 

CAFL 

CAF 

8 

’’2 

iSClLLATHR  HUFFfR 

62AAM 

CAFM 

CAF 

a 

.(2 

VHF-TUNER 

62AAN 

CAFN 

CAF 

8 

'2 

XTAL  3CF 

62AAP 

C AFP 

CAF 

8 

‘ '2 

'ifcAR  B'OX 

62AAQ 

CAFQ 

CAF 

A 

'2. 

VOLTAGF  REG 

62AAR 

CAFK 

CAF 

3 

.'2 

MOUNT  P/T  UNIT 

62AP1 

CAPS 

CAF 

0 

l!2 

CONTROL  UNIT 

62AC  1 

CAFT 

CAF 

3 

• 1 •> 

SPIKE  ANT 

62Ar)l 

CAFU 

CAF 

3 

t > 

COUPLER  ANT 

62AEI 

CAFV 

CAF 

8 

■ >2 

t ILTPR-OC  PWR 

b2AGl 

CAFw 

CAF 

7 

' » » 

CIRCUIT  BREAKER 

42FC0 

CAFX 

CAF 

3 

2 

VHF-AR  COMM 

CAG 

CA3 

null  111 

n 1 

A 

<ECtIVFR7TRANSMITTtR 

62PAI 

CAGA 

CAG 

8 

■‘12 

CHASSIS  ASSY 

62RAA 

CAGH 

CAG 

9 

•12 

RECEIVER  ASSY 

62HAP. 

CAGC 

CAG 

3 

1 2 

EXCITER  AMP,  XMITTER 

62PAC 

CAGD 

CAG 

3 

2 

PWK  SUPPLY 

f.2PAD 

CAGE 

CAG 

8 

ii2 

PRR  CONTROL-SIDETONF 

62PAE 

CAGF 

CAG 

8 

' ' c 

MMIlUL  ATOR 

62  RAF 

CAGG 

CAG 

3 

’U 

OF  AMP 

62F  «G 

CAGH 

CAG 

8 

■ •> 

MOUNT  P/T 

62PR1 

C AGJ 

CAG 

0 

'12 

rr;MTRf)L  UNIT 

62FC1 

CAGK 

CAG 

3 

■'2 

POT  ENT  IOMETER- SQUELCH 

4 2FCG 

CAGL 

CAG 

5 

■12 

CIRCUIT  bREAKER 

A/FCO 

CAGM 

CAG 

8 

f 2 

rnvi/ICS 

CAH 

CAA 

AAAAAAAAA 

n 

TRANSMIT  CONTROL 

CAJ 

CAH 

33333333  3 

MIC  AMP  2 FA  64AL,b 

64AA6 

CAJA 

CAJ 

1 

■12  J 

MIC  AMP  64Ab6 

647  A 8 

CAJA 

CAJ 

H 

'■'.?  A 

MIC  AMP  2 EA  64AAH 

64  All  0 

CAJO 

CAJ 

1 

i2  1 

•'IC  A 3P  64AAP 

64AnR 

C.AJ8 

CAJ 

H 

r 2* 

talk  lUTTON.CONT  WHEEL 
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